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Evaluation
Selection
Crossover
Mutation
No
Yes
Initialization
Evaluation
Selection
Crossover
Mutation
Selection
if   mod(Generation, g)=0
Competition  & Population size adjustment  
??????
??????
Sub-population 1 Sub-population 2??????Sub-population S
??????
??????
??????
? 3.2: ??????????GA?????????
??????????
??????????????????? 5??? t =  0:055x5  0:026x4+0:66x3  0:12x2 
1:83x+0:21 ? 7??? t =  0:03x7  0:01x6+0:39x5+0:16x4  1:29x3  0:55x2+0:21x+0:40
?????????????? f(xi; ti) j i = 1; : : : ; Ng ??????????????? N(0,
0.3)??????????? 3.4(a), 3.4(b)????????????????????????
?????????????????????????
3.2. ??????????GA 25
y(x;w) = w0 + w1x+ w2x
2 +   + wMxM ; (3.1)
w = (w0; : : : ; wM )
T ; (3.2)
GA???????????????? w ?????????????? M ????????
?????????????????????????????? 8????????????
?????????1??3??5??7??9??11??13??15?????????????
??????? (AIC) [48] ?????????? E ???????????
E = exp( e=); (3.3)
e = N(log(2
Se(w)
N
+ 1) + 2(M + 1 + 2)); (3.4)
Se(w) =
NX
n=1
fy(xn;w)  tng2; (3.5)
????????????????? t ???? y(xn;w)??????? Se(w)???????
???????????????????? ??????????????????????
????????/5?????
??GA????GA????????????????????????????????
????????????????mcDGA???GA???????????????????
???????????????????????????????????????????
?????????????BLX-????????????????????????????
???????????0.8?0.1???????????????????????? 50???
??????? 100000??????
??????
? 3.3???????????GA???????????????????????????
???????????????????????????????????????????
3.3????????????????????????????
26 ? 3 ? ??????????GA??????????????????
0.2
0.4
0.6
0.8
1
?
?
?
0
50000
???
0
Population size 1000
Population size 100
Population size 50
Population size 10
? 3.3: ???????
?????
??????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????? 3.5????? 3.5? 5?????????????? 3.5?
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????? 2??????
??????1)????????????????????????????2)???????
?????????????????? 3.6(a)? 1)??????? 3.6(b)? 2)???????
????????????????????????????????????????????
????????????????????????????????????????????
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-1.5
-1
-0.5
 0
 0.5
 1
 1.5
 2
-3 -2 -1  0  1  2  3
(a) 5????
-2.5
-2
-1.5
-1
-0.5
 0
 0.5
 1
 1.5
 2
 2.5
 3
-3 -2 -1  0  1  2  3
(b) 7????
? 3.4: ????????????????
5?????????????????
????????????? 1000??????????????????????????5
???????????????????? 1????????????? 3?????? 4??
???????????????????????????????????????????
???????????????????????????????????????????
??????????5????????????????1000??????????????
28 ? 3 ? ??????????GA??????????????????
1?
3?
5?
7?
9?
11?
13?
15?
?
?
?
0
50
100
150
200
250
300
1 10 100 1000 10000
1 10000 1000001000100
???
3???
1???
??????
? 3.5: ??????????????????
???????????????????????????????????????????
??????????????????????????????1000????????????
1000?????????????????????????????????????????
???1000??????????????????????????????????????
?????????????????????1000???? 1???????????????
???????????????????????????????????????????
??????????????????1000????????????????? 2000???
??????????????????????? 100????? 1000???????????
???2000??????????????????????????????????????
?????????????????????????????5???????????5??
4???????????????????????????????????????????
????????????????????? 5???????????????????1??
??????????????????????????????? 3.7(a)?3.7(b)??mcDGA
???GA???????????????????? 3.7(a)????????????????
?????????GA?????????????????????????????mcDGA
????????????????????????GA?????????????????
??????????? 3.7(b)???mcDGA??????????????????????
????????????????????????????????mcDGA??? GA??
???????????????????????
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????1 ????2 ????4????3
0??? ??? 50 50 50 50
????1 ????2 ????4????3
1000???
???? ??? 50 50 50 50
????1 ????2
1000??
?? ??? 49 49 53 49
????4????3
????1 ????2
??? 0 0 200 0
????4????3?????
(a) ????????????????????
????1 ????2 ????4????3
0??? ??? 50
????1 ????2 ????4????3
1000???
???? ??? 50
????1 ????2 ????4????3
3000??? ??? 100 100 0 0
????1 ????2 ????4????3
??? 200 0 0 0
?????
50 50 50
50 50 50
(b) ???????????????????
? 3.6: ??????????????
30 ? 3 ? ??????????GA??????????????????
??GA??????
mcDGA???????
0
50
100
150
200
250
300
350
400
450
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
1 10 100 1000 10000
1 10000 1000001000100
?
?
?
???
mcDGA???????????????
(a) mcDGA??? GA????????
-1.5
-1
-0.5
 0
 0.5
 1
 1.5
 2
-3 -2 -1  0  1  2  3
?????????
???????????????
???????????????
(b) ???????????
? 3.7: mcDGA????????
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7?????????????????
??? 7????????????????????5??????????????????
????????1000???????????????7?????????????????
?????????????9???? 3??5???? 1??3??????????????
???????????????????????????????????????????
?????????????????????5????? 9????????????????
?????5????????????????????? 1000??????????????
?????????????????????????????1?? 9???????????
??? 1???????????????????????????????????????
???????????????????????????????????????????
??????????7?????????????????????????????????
????????????????????????
3.3 ????
????????????mcDGA??????????????????????????
??????????????5???? 7????????????????????????
???????????????????????????????????1) ???????
????????????????????2) ??????????????????????
?????????? 5????????????2) ?????????????1000????
???????2000??????????2000??????????????????????
????????????????????????GA?????????????????
????????????????????????????????????????????
?????????????????????????????? 7????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????7???? 5???????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
32 ? 3 ? ??????????GA??????????????????
???????????????????????????????????????????
????????????????????????????????????mcDGA???
?????????????????????
33
?4? ?????????????GA????
??????????????????
4.1 ????
???????????????? mcDGA???????????? mcDGA?????
?????????????HmcDGA????????????????????? mcDGA
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????mcDGA?????????????????GA?
???????mcDGA????????mcDGA(Hierarchical mcDGA : HmcDGA)????
??HmcDGA????GA???????????? 2??????????????????
????????????????????????????????mcDGA???? \???
???????"????????????????????????????????????
?????HmcDGA??????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????HmcDGA??????????????????????????GA??
?????????????????????????????Flexible Job-shop Scheduling ?
??????GA??????????????????????????HmcDGA?????
??????????????
4.2????HmcDGA???????????mVRP????HmcDGA?????????
4.3????HmcDGA? Flexible Job-shop Scheduling ?????????????????
??????
4.4?????????????
34 ? 4 ? ?????????????GA???????????????????
???
???
?? 1 ?? 2
Depot
????1
????S
????1
?? 1????S ?? N
? 4.1: HmcDGA?mVRP????????????
4.2 ?????????????GA
4.2.1 ??
HmcDGA????????? 2????????????????????????????
???????????????????mcDGA????????????????????
????????????????????????????HmcDGA???????????
??????? 4.1?? 4.2 ????? 4.1??mVRP???????????????????
???? 1?????? 2?????????????Depot????????????????
???????????????????????????????????????????
?????????????????N ??????????????????????? 4.1
??????????????? S N ?????? 4.2?????????????????
?????????????????????????? 4.2????????????????
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Start
Initialization
Evaluation
Crossover
Mutation
Termination
lower GA 
End
Initialization
Evaluation
Selection
Crossover
Mutation
No
Yes
Initialization
Evaluation
Selection
Crossover
Mutation
Selection
??????
Initialization
Evaluation
Selection
Crossover
Mutation
Termination
upper GA 
Solution space 1 Solution space 2 Solution space S
Output the solutions at upper
??????
1
Output the solutions at lower
No
Yes
??????
??????
??????
1
Upper GA Lower GA
if   the restrictions are satisfied 
Competition  & Population size adjustment  
? 4.2: HmcDGA?????????
????????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???GA??????????????????????????????????????
???????????????????????????????????????????
??????
36 ? 4 ? ?????????????GA???????????????????
4.2.2 ????????????
?????????????????Multiple Vehicle Routing Problem : mVRP??????
HmcDGA?????????????
mVRP???????????????????Vehicle Routing Problem : VRP?[16] ??
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
??????????? [49, 50]?mVRP??????????????????
 ????????????????????
 ??????????????
 ????????????????????????????
 ???????????????????????????????????????
??????????????????????????????????????????
??????????????????????? [51]???????????????????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????????????? GA??????????? [52]?????
??HmcDGA????????????? 2?????????GA????????????
??GA????????????????????????????????????????
??GA???????????GA??????????GA??????????????
??????GA???????????????mVRP?????????????????
???????????????HmcDGA????????????????????????
????????????????????????HmcDGA????GA?????????
????????????
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?? C1 C2 C3 C4 C5 C6 C7 C8 C9
??1 1 0 1 1 0 0 0 0 1
??2 0 1 0 0 1 1 1 1 0
(a)?????????????
???? 1 2 3 4 5
??1 C1 C4 C9 C3
??2 C8 C5 C2 C7 C6
(b)?????????????
? 4.3: HmcDGA?mVRP??????????????
? 4.1: ??????????????????
Upper level Lower level
Selection Roulette selection
Crossover Uniform PMX
Mutation Translocation
?????
HmcDGA???????????????????????????????? 4.3 (a)?(b)
???????????????????????????????????????????
???????????????????? 1??????????????????????
??? 4.3 (a) ??????? 1???????? C1?C3?C4?C9??? 2????????
C2?C5?C6?C7?C8 ??????????????????????????????? 4.3
(b) ?????????????????????????? 4.3 (b) ?????? 1?C1?C4?
C9?C3????????? 2? C8?C5?C2?C7?C6????????
?????
HmcDGA?mVRP?????????????????????????????????
???????????????????????????????? 4.1??????????
38 ? 4 ? ?????????????GA???????????????????
???????????????????????Traveling Salesman Problem : TSP??VRP
????????????????????????????????????????????
???????????????????????????????????????????
??????? Partially Matched Crossover (PMX)[35]??????????????????
Cycle Crossover (CX) [36] ?Order Crossover (OX) [37] ?????????????? F ??
?????????????
F =
1
dmax
; (4.1)
???? dmax ???????????????????? dmax ??????????????
?????????????????????????????????????
??????????
???????????????????Depot? 1???? 20????? 2?????? 4.2
???????????????????????????GA?HmcDGA????? 10???
??????? 30000??????????????????HmcDGA???????????
??? 4.4????????????? 4.4????????????????????????
?????????????? 10 ????????????????????????????
????????????????????????????????????????????
???????? 4.4??????? 10??????????????????????????
??????????????????????? 20???????????????????
???????????????????????????????????????????
?????????100?????????????????????????200??????
??????????????????????????????????? 20???????
??300????????????????????????????????????????
??? 4.4??????HmcDGA?????????? 20??????????? 300????
??? 4.5 ???????????????????????????????????????
????????????????????????????????????????????
??????????????300???? 500????????????????????500
??????????? 1?????? 4.4??????300???? 500??????????
???????????? 30?????500???????????????? 50??????
???GA???????????? HmcDGA???????? 20??? 50???????
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? 4.2: ??????????????GA ? HmcDGA???????
??GA HmcDGA
Upper level Population size 10
Generation 30000
Crossover rate 0.8
Mutation rate 0.3
Lower level Population size 20, 50 Variable
Generation 500, 1000 1000
Crossover rate 0.8
Mutation rate 0.1
0%
20%
40%
60%
80%
100%
7000
7500
8000
8500
9000
9500
100 1000
10 50
???
???
??????????
????????
500
10 5010 50
?
?
? 4.4: ?????????????????????????????? 10????????
???????????????????????????????
??? 500??? 1000????????(i) ??? 20???? 500?(ii) ??? 20???? 1000?
(iii) ??? 50???? 500?(iv) ??? 50???? 1000? 4????????????????
??????HmcDGA?????????????????????????????????
?? 1000????
?????
? 4.6?????????????????? 10???????????????? 4.6???
?????????????????? 2????????????????????????
40 ? 4 ? ?????????????GA???????????????????
????1 ????2 ????4????3
0??? ??? 20 20 20 20
????1 ????2 ????4????3
300???
???? ??? 20 20 20 20
????1 ????2 ????4????3
500??? ??? 30 30 0 0
????1 ????2 ????4????3
500???? ??? 50 0 0 0
? 4.5: ????????????????????????
20
500
20
1000
50
500
50
1000
(20)
1000
?
?
?
?
(s
e
c
)
?
?
???
??????????
HGA HmcDGA
4250
4300
4350
4400
4450
4500
0
0.5
1
1.5 ?????
????
? 4.6: ???????????
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Vehicle 1
Vehicle 2
Depot
? 4.7: ??????????
?? 1??????????????????????????? 4?????????GA?
???????????????????????????????????? HmcDGA??
?????? 4.6??????GA????????????????????????????
???????????????????????????????????????????
?????????????????????????????GA????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????HmcDGA????????
?????????????????????????????????????GA????
???????????????????????????????????????????
4.5??????????????????????????????????????GA ??
??? 20????? 1000????????????? 1?????????? Tu??????
??????????
Tu = 20 10 1000 t; (4.2)
= 2:0 105  t: (4.3)
42 ? 4 ? ?????????????GA???????????????????
????t?????????? GA???? 1?????????????????????
?????????HmcDGA??????? 1?????????? TH ??????????
?????
TH = (20 10 300 + 30 5 200 + 50 1 500)t; (4.4)
= 1:15 105  t: (4.5)
????????HmcDGA??????GA ????? 20????? 1000?????????
?????????? 30% ?????? 4.6????????????????????
4.2.3 Flexible Job-shop Scheduling ??????
??????????????????Job-shop Scheduling Problem : JSP?[53]?????
???????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????JSP????
????????????????????????????????????????????
???Flexible Job-shop Scheduling ???Flexible Job-shop Scheduling Problem : FJSP?[18]
??JSP????????????????????????????????????????
?????????????????JSP????????????????????????
???????????????????????????????FJSP??????????
?????? [54]? PSO[55]???????????????????GA?????????
????????????[56]??????????????????????????????
?????????Global Selection ??????????????????????????
??? Local Selection?????????????????????????? [18]?????
????????????????? FJSP???????????????????? [57]?
???????????????????1????????????????????????
??????????????GA????????????????? [58]?????????
?????? [59]???????????????????????????????????
???????????FJSP??????????????????????????????
?????????????????GA?????????????????? FJSP????
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Machine M2 M3 M4 M1 M5 M1 M1 M5
Operation O11 O12 O13 O21 O22 O23 O31 O32
J1 J2 J3Job
(a)?????????????
Operation O11 O21 O12 O13 O22 O31 O32 O23
Sequence 1 2 3 4 5 6 7 8
(b)?????????????
? 4.8: HmcDGA? FJSP??????????????
???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????FJSP?????
???????????GA?????????HmcDGA????????HmcDGA????
??????????????????????????????????????HmcDGA?
?????????????????
?????
? 4.8 (a)?(b) ? HmcDGA? FJSP?????????????????????????
???????????????????? 2??????????????????????
??????????????????? 4.8 (a)?????? 1??? 2????? 5????
?????????? 1???O11??? 1??? 1?O21??? 2??? 1??????????
?????? 1??? 1??? 2??? 2??? 1??? 1????????????????
??????????????????????????????? 4.8 (a)??????? 2?
O11????????????? 3?????? 1?O21????????????? 2????
???????????????????????????? 4.8 (b)????????????
?????? 1??? 1?O11????????????? 2??? 1?O21?????
44 ? 4 ? ?????????????GA???????????????????
M1 O21 O31 O23
M2 O11
M3 O12
M4 O13
M5 O22 O32
? 4.9: ? 4.8???????????????
?????
FJSP???????????????????????????????????????
?????????????????????????????????????? 4.9?? 4.8
???????????????????????M1??M5???????????????
???????????????????????????????????????????
???????O23??????????????????????????? 9???????
??????????FJSP?????????????????
 ????????????????????????
 ?????????????????????????????
 ?????????????????????????????
 ???????????????????????????????????
??????????????????????????????????????????
????
?????
HmcDGA ? FJSP ?????????????????????????????????
? 4.3??FJSP????????????????????????????????????
mVRP???????????????????????Partially Matched Crossover (PMX)[35]
?Cycle Crossover (CX) [36]?Order Crossover (OX) [37] ??????????????????
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? 4.3: FJSP?????????
Upper level Lower level
Selection Roulette selection
Crossover Uniform POX[60]
Mutation Normal mutation Translocation
M2 M2 M5 M2 M3 M3 M1 M5
level
Lower level
Solution Space 1
Solution Space S
Solution Space 1
Individual 1Solution Space S
Individual N
…
…
Individual 1
Individual 2
…
…
Individual N
Individual 2
M4 M3 M3 M1 M5 M1 M1 M5
M1 M2 M3 M1 M5 M1 M1 M5
M2 M3 M4 M1 M5 M1 M1 M5
O11 O12 O13 O21 O22 O23 O31 O32
O11 O21 O12 O13 O22 O31 O32 O23
O11 O12 O13 O31 O21 O32 O22 O23
O31 O21 O11 O12 O22 O32 O23 O13
O11 O21 O12 O13 O22 O31 O32 O23
O21 O31 O11 O12 O13 O22 O32 O23
O21 O22 O11 O23 O31 O32 O12 O13
Assignment of machines
Sequence of operations
Upper
? 4.10: FJSP???????????????
?????FJSP????????????????Preserving order-based crossover (POX)[60]
??????
? 4.10? FJSP???????????????????????????????????
????????????????????????????????
46 ? 4 ? ?????????????GA???????????????????
? 4.4: ????????????HmcDGA???????
Upper level Lower level
Population size 100 Variable
Generation 30000 100
Crossover rate 0.8
Mutation rate 0.3 0.1
??????????
??????????????????????? Brandimarte?????Brandimarte??
??????????????? 10?????????FJSP???????????????
??????????????? 4.4??????????????HmcDGA????????
???????????????????????? 100?????????? 30000????
??????????????????? 20?????????? 100????????? 20?
????????50??????????????????????????????????
???????????????????????????????????????????
??????????????50??????1?????????????????????
??? 1?????????????????????? 1??????????50??????
????? 1??????????????????????? 100??????10?????
???????????????????????????
?????
? 4.11(a)??????????????????????? 4.11(b)???????????
???????????????????????????????????????????
???????????????????????????????
? 4.11(c)??? 4.5(b)?????????????????????????????????
???????????????????????????????????????????
????????????????? 4.5?????????????????????????
? 4.12?Mk04????????????????? 4.5?????1?????????2?
??????????????????????Best???????????????????
??RE? LB????????????????????????HmcDGA???? 3????
?????????????????????FJSP??????? LB??????????
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????1 ????2 ????4????3
0??? ??? 20 20 20 20
????1 ????2 ????4????3
20???
???? ??? 20 20 20 20
????1 ????2 ????4????3
50??? ??? 40 40 0 0
????1 ????2 ????4????3
50???? ??? 100 0 0 0
(a) FJSP???????????????????
0
20
40
60
80
100
10 20 50 100
P
o
p
u
la
ti
o
n
 s
iz
e
Generation
(b) ??????????
300
350
400
450
500
550
1
0 20 50 100
M
ak
es
p
an
Generation
(c) (b)?????????????????
? 4.11: HmcDGA???????
48 ? 4 ? ?????????????GA???????????????????
? 4.5: Brandimarte????????????HmcDGA????????
Chen Pezzella Ida Zhang Teekeng HmcDGA
LB Best RE Best RE Best RE Best RE Best RE Best RE
Mk01 36 40 11.11 40 11.11 40 11.11 40 11.11 40 11.11 40 11.11
Mk02 24 29 20.83 26 8.33 26 8.33 26 8.33 27 12.50 26 8.33
Mk03 204 204 0.00 204 0.00 204 0.00 204 0.00 204 0.00 204 0.00
Mk04 48 63 31.25 60 25.00 60 25.00 60 25.00 64 33.33 60 25.00
Mk05 168 181 7.74 173 2.98 172 2.38 173 2.98 175 4.17 175 4.17
Mk06 33 60 81.82 63 90.91 58 75.76 58 75.76 65 96.97 60 81.82
Mk07 133 148 11.28 139 4.51 139 4.51 144 8.27 144 8.27 144 8.27
Mk08 523 523 0.00 523 0.00 523 0.00 523 0.00 523 0.00 523 0.00
Mk09 299 308 3.01 311 4.01 307 2.68 307 2.68 309 3.34 311 4.01
Mk10 165 212 28.48 212 28.48 197 19.39 198 20.00 234 41.82 217 31.52
Ave 19.55 17.53 14.92 15.41 21.15 17.42
M1 1 9 4 10 2 12 11 8 15 10
M2 3 8 15 5 2 11 1 9
M3 6 6 7 13 5 5 5 6 1 12 9 3 3
M4 15 12 8 3 3 9 15 1 9 5 14 11 4
M5 7 6 8 13 10 1
M6 6 13 3 6 2 10 2 14 7 7 8 12 13 8 2 14 6 2 9 4 7 1
M7 4 5 5 15 9 1 4 9 10 6 2 12
M8 11 6 15 9 1 12
? 4.12: HmcDGA????????Mk04???
?????????????????????????? 4.5???????????????
FJSP??????????????????????????GA?????????? 4.5?
????HmcDGA????????????????????????????????????
HmcDGA??FJSP??????????????????????????????????
?????????Mk10?????????????????????????????Mk10
???????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????????FJSP????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????HmcDGA? FJSP??
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????????????????????
4.3 ????
????????????HmcDGA????????mVRP?Flexible Job-shop Scheduling
????????HmcDGA?mVRP???????????????????GA??????
????????????????????????????????????mVRP????
???????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????mVRP??????????????
???????????????????????????????????????????
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